ABSTRACT Serum prolactin increases during late embryogenesis. In order to elucidate the function of prolactin at this period, tissue distribution of prolactin receptor mRNA was examined by RNase protection assay. The mRNA was detected strongly in the kidney, intestine, and allantoic membrane; weakly detected in the brain; but not detected in the liver. The expression levels of the prolactin receptor mRNA in the kidney, intestine, and
INTRODUCTION
Prolactin (PRL) exerts a variety of physiological functions in vertebrates (Bole-Feysot et al., 1998) . In birds, PRL is involved in osmoregulation (Harvey et al., 1984; Murphy et al., 1986) , crop-milk production (Scanes et al., 1975) , brood patch formation (Hutchinson et al., 1967) , and induction of incubation behavior (Saeki and Tanabe, 1955; March et al., 1994) . These hormonal actions of PRL are mediated through specific receptors present in the target tissues. In mammals, several isoforms of PRL receptor (PRL-R), which differ in length and sequence of the cytoplasmic domain, have been identified (Kelly et al., 1991) . These isoforms have been shown to be generated by alternative splicing from a primary transcript (Bignon et al., 1997) . In avian species such as the chicken (Tanaka et al., 1992) , pigeon (Chen and Horseman, 1994) , and turkey (Zhou et al., 1996) , a single form of PRL-R containing a cytoplasmic domain comparable to that of the longest isoform of mammalian PRL-R has been identified by cDNA cloning. All these avian PRL-R have two homologous repeat units in their extracellular domains and distributed in a wide range of tissues. Recently, multiple 5′-truncated PRL-R transcripts containing only the cyto- 155 allantoic membrane were retained at constant levels during later stages of embryogenesis (Days 17 and 19) and posthatch periods (2 and 28 d after hatching). These results suggest that prolactin is mainly involved in the osmoregulation during the later stage of embryogenesis and that the expression of prolactin receptor mRNA in the kidney, intestine, and allantoic membrane is regulated by a serum prolactin-independent manner. plasmic domain have been identified in the testis of sexually mature chickens (Mao et al., 1999; Tanaka et al., 2000) .
In galliforms such as the bantam and turkey, the plasma levels of PRL increase during incubation behavior (Sharp et al., 1979; Burke and Dennison, 1980; Proudman and Opel, 1980) , and the PRL acts on the receptor in the hypothalamus, which is responsible for induction and maintenance of incubation behavior (Youngren et al., 1984; Zhou et al., 1996) . It is also known that the plasma level of PRL increases at a later stage of embryogenesis Ishida et al., 1991) . However, physiological function of PRL at this stage is not yet known.
In this study, we examined the tissue distribution of PRL-R mRNA during the later stage of embryogenesis to elucidate the target tissues of PRL at this period.
MATERIALS AND METHODS

Birds
Fertilized White Leghorn eggs were obtained from a commercial hatchery and incubated under standard conditions. Embryos at Days 17 and 19 and chicks at 2 and 28 d after hatching were decapitated, and tissues were immediately removed and frozen in liquid nitrogen.
RNA Extraction
Total RNA was extracted from the tissues by the acid guanidium/phenol/chloroform method (Chomczynski Abbreviation Key: PRL = prolactin; PRL-R = prolactin receptor.
and Sacchi, 1987) using ISOGEN Kit. 3 The amount of the RNA was measured by spectrophotometry. The RNA samples (10 µg each) were subjected to electrophoresis in a 1% agarose gel 4 containing 2.2 M formaldehyde, 5 and the quantity and quality of the RNA were confirmed by visualization of the 28S and 18S ribosomal RNA after ethidium bromide staining.
Ribonuclease Protection Assay
A 251-bp PstI/BstEII fragment derived from the cytoplasmic region of chicken PRL-R cDNA (Tanaka et al., 1992) 
RESULTS
Tissue Distribution of PRL-R mRNA in Day 19 Chick Embryo
The amounts of PRL-R mRNA in the liver, kidney, intestine, brain, and allantoic membrane of chick embryos on Day 19 were examined with the RNase protection assay. As shown in Figure 1 , the 251-base protected fragment of the RNA probe was clearly detected in the kidney, intestine, and allantoic membrane and faintly in the brain. The fragment was not detected in the liver.
Expression Levels of PRL-R mRNA Around Hatch
Expression levels of PRL-R mRNA in the kidney, intestine, and allantoic membrane in embryos on Days 17 and 19 and in the kidney and intestine of chicks 2 and 28 d after hatching were analyzed with the RNase protection assay. In all of these tissues, the expression levels of PRL-R mRNA were retained at constant levels throughout the periods (Figure 2) . 
DISCUSSION
The synthesis of PRL mRNA in the chicken pituitary markedly increases at later periods of incubation, reaches maximum levels on the day of hatch, and then decreases after hatch (Ishida et al., 1991) . Similar changes have been observed in plasma PRL concentration . In the present study, we have demonstrated that PRL-R mRNA is abundantly expressed in the kidney, intestine, and allantoic membrane on Day 19 of incubation. The PRL-R mRNA was faintly detected in the brain but not detected in the liver at this stage. These findings suggest that PRL is largely involved in the osmoregulation at the prehatch period.
In adult hens, plasma PRL is greater during the laying period than when hens are out of lay, and in brooding galliforms such as bantam and turkey hens, the greatest PRL concentration is observed in hens incubating eggs. In turkeys, no obvious relationship between plasma levels of PRL and expression levels of PRL-R has been observed in most tissues, except for the pituitary and the hypothalamus where expression of PRL-R mRNA seems to be upand down-regulated by PRL, respectively. Our previous observations of the pituitary gland and hypothalamus of bantam hens are consistent with this view when comparing laying, incubating, and out-of-lay hens. However, there was no relationship between plasma PRL and PRL-R mRNA in both tissues of bantam hens when comparing other physiological states such as long-day and short-day periods. In the present study, expression of PRL-R mRNA in the kidney, intestine, and allantoic membrane were retained at constant levels at the period around hatch, suggesting that the temporal rise of plasma PRL concentration around hatch has no effect on the expression levels of PRL-R gene expression in these target tissues.
In conclusion, PRL-R mRNA is expressed abundantly in the kidney, intestine, and allantoic membrane in prehatch chick embryos. The expression levels in these tissues are not correlated with the reported increase of plasma PRL concentration around the time of hatch. These findings suggest that PRL is involved in osmoregulation around hatching and that the PRL action is regulated by its own plasma concentration, not PRL-R concentration in the target tissues.
